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ABSTRACT
This report examines the ovgenizational structure and relations
to the total organization of the Apollo Program hardware research and

mploys g refined wmodel of matrix theory
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{see Part I, Working Paper No. 20) to relate the wcrklnﬁs of the pro-
ject groups to selected characteristies of their personnel and their
tasks, This, in turn, is used to relate the project organization to a
general theory of ovrgenizagion, The study particularly focuses on the
relations between the preoject groups and che vest of the NASA organiza-
tion. The data for the study was gathered in interviews with project
managers, suvsystems manageve, znd related nersonnel at MSC, MSFC and
Apollo Program Office and coiher personnel at FASA Headquarteté=
Washington, D.C

Part Ii discusces the application of the refined wodel €o pro-
ject groups at MSC and MEFO. Succeeding papevs im this series will
discuss the implications of the vesulis for the development of matrix

theory and organization theory in general.



SECTION IXIT TUE ORGANIZATION OF PROJECT MAMAGEMENT GROUPS

This section propceses to examine the project management groups at
the Marshall Space Flight Centexr, Huntsviile, (MSFC) and the Manned
Spacecraft Center, Houston, (MSC) and compare them o the orgenizing
pattern suggested by Shull's engineered stragegy.” This strategy is
based on the assumpiion that relatively specialist/provincial peeple are
doing relatively unique and unprogrammed worlk. While both of these may
be questioned, the combination seems o be an adequate description of
the reality.

The firsi problem that may be vaised is vhether the personnel are
indeed specialist/provincial, especially as distinguished from profes-
sienal/cosmopolitan. “'Profession” is o word that means many things to
wany people, and “engineering" is a2 cctegory that covers a broad range
of acctivity. In the aero-spzce engineering field
technological advance is such that 2o be 2n engineer, in a certain
sense, one musi do engineeving, and o vemain a technically competent
engineer one wust conlinue to do engineewving, or manage sivictly engi-
neering work. Thus, the knowledge or empertise is, £0 some exient,
dependent on the fivm or the group of fivms that constitute the aero-
space industry. In this iimixed sense, at least, the personnel involwd
are closer £0 the snecialisi/provincial position on the personnel chare
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Tven the question of unique and unpregrammed work is a maitter of
degrec, Of course, no one, in {his counkvy at least, has previocusly
built a giant rockei of the size and power of a Saturn V or spacecraft
like the Ccmmand and Service Module or the Iunar Module. B8till, the
same organizagion, in many cases using the same pecple, has produced
other rockets and other spacecraft. To meet the goal of the Apello
program, the National Aercnautics and Space Administraticn has utilized
existing technology whevever possible. The unique and unprogramned
aspeci of the effort lies in two aveas, in the development of certain
hardware subsystems and fechmiques, and in the integration of all the
varicus subsysiems into a total and unique system capable of doing a
very unique task., The first area can be, ond often is, contracted out
£o universities and NASA Research Centers., DBut the second area is
NASA's responsibility and particularly the responsibility cf the Apollo
Program and its project manggement groups. Thus, the tasks of thece

groups can be considered unigue and unprogramzed,

The Marshall Space Tlight Center

From 1963 £o February 1369, the Marshall 5pace Fiight Center (QISFC)
was organized inte two operating Directorates and a nuwber of staff
ffices under the Center Director, The Divector for Research and Develop-~
ment Operations (REDO) supervised the varvicus iaboratories whieh consgi-
tute the techaical expertise of the {enter, while ithe Director of Indus~
trial Operations (I0) supervised variocus programs asnd acted as the Apollo

ral

Program Manager for the Center, The Saturn I/IB Program, the Saturn V

~
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Frogram, and the Engimes Progrem &1l managed research and develegment



congracis for nardware used in the Apolle Program. The Apollo Applica-
tions Frogram (4AP) also is in Industrial Operations, but manages the
development of hardware for a separate program. Most of the Apollo
Applications Progrvam pevsonnel hed previously worked on the Satuyn I/IB
and had been transferred to the Apollo Applications Program when the,
were Luilerviewed for
their experience on the Saturn I/IB Program, but their experience with
the Apollo Applications Prograr also provided some insignhts on particu-
lar points. .

The Saturn V and the Engines Program were divided into a mumber

"

of project oiffices, The Saturn V Program had offices fov the S-IC sktage,
the 3~11 stage, the 8-TVB stage, the Instrument Unit (IU), and the Vehicle
Ground Support Equipmeni {ESE). These ave in addition to the steff or

functional offices common o the Apolioc Program; Program Centrel. Svstems
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-1 Engine Project
and the F-1 Ingine Froject in addision o the staff ofiices,

These offices, gogether with their engineering support persomnel
m the Research and Development Dixectorate, counstitute the working

o
£

uniis for this study. This may appear Lo be an wnusueal definition,
particularly since it crosses ourganizational lipes and the engianeering

support personnel cannot esasily be identified, by people, including

the greoup is uvsually gquite clear Lo pariticipsnts. The total membevship

ices {which may vary
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from only Progrom Contvel to

tems managers, and the proiect engineevrs and other

ment Operations persomel working

th

The proposition generated by the mairix modal
pattern will be discussed under the he

ading of

roles, style end rorms characteristic of the group.

Giroup Structure

The engineered strategy suggests thai the working

composed of specialists with a designeted project leader,

statement on group struciure as formulated in

that the group wonld be relatively homogencous
pre-~eainent.

The intervi

' , of the personnel (including the staff

engineers,

gesuis,

One project manager wich long

g

.

ation has evolved,
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tile

while T guess 15 or Z0 years ago, we

a3 neers, As our technology advances, it

in support of that project.
or the en

the structure,

group

The

en data tend to suppori these suggestions,

tend to be an organization of spec

seven varicus offices or wmore), the subsys~

Research and Develop-

gineered

process,

would be

tendency

this work alsoc suggests

and ithe leadership fairly

First, all

office peaple), are usually

as homnogeneous as the model suge

were more an erganizasion of engi-

demands that we have these

Jenter that

? It is significant that the basic specialty is still engineering.
! As ancther engineer put it, "There's z philosophy at this
you aren't a goad projec: manager unless yeu've been

15 . P - <
=~ Unless otherwvise indicated, all fuvther quotati
interview deta gathered by mexhers of n»Ele ci blin
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a1 engineer. I

ens will be from the
nary vesearch grup.
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mean, that's feli from the fop on down.' Thus the project group is com-

posed of and led by emgineers., This reduires the project wanager £o work

4

with a number of specialists in his group, and can be 2 difficult problem.

)
e

As one former menager put if, "The project manager has got to have enough
savvy in epgineering io undersiand what the dickens the experts ave talk-

12

ing about and to relate that into the problems of the vehicle.” The same
man suggested the route most projeci managers have travelled to acquire
that abilicy. "The project manager usually has to have a degree in one

subject and has moved up to various things working on several projects,

e

learns about other guys® problems, other disciplines in engineering."
From a different point of view, a program control chief pointed
cuk, "A good project manmager has got to be able £o surround himself

with czperts. He doesn't need, in my opinicn, to be an expert engineet

n ¢entracting and so on, and

it

and an expert in finance snd an expert
have degrees in these disciplinmes., e must have a working knowledge of
these things.” And the project manager wust know how Lo use these
experts, As ap engineering manager scid, “Owe professor ak schoel used
to tell us, all you guys think you are real hot designers, You people
are a dime a dozen, Whak the world needs is =z man vho can take all the
experts, and fic them together., I think that is what you're leoking

However, new progroms may entoil new workiag relationships, and
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may present difficuls cdjustments £0 people accu
situvation, as indicated in the foilowing statement of an Apollo Applica~

ticns Frogram projech mansgeir!
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"I think the most difficult aspect relates right back to [ the
facigy that the scientists do not feel comstrained to the formal
project organization, They are kind of either aside or cut
above or something like that, where if problems come up within
the project and we try to resolve them within the project, we
find that the scientists do not feel constrained to stay wikhin
that environment at all., They'li go to any level that they
feel they can go to and get their inputs implemented and this
makes it a very sensitive kind of interface., They are part

of the project obviously, but on the other hand, the don't

feel like they farej . . . .”

While the evidence on the point is not overwhelming, it does seem
that the project groups at MSFC have a group structure similar ¢o that
suggested by the engineecred pattern. The groups are composed of spe-
cialists, are relaiively homogencus, and the leadership is fairly pre-

eminent.,

Group Pirocess

The engineered pattern suggests that the group process will be

somewhat programmed, that coordination will tend tv be external rather
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than dependent on the internalized norms of grcup members, and that
correction mechanisms tend to be external, rather than internalized by
group members.

The interviews indicate that correction mechanisms ave largely
dependent on the project manager., One project manager, in discussing
characteristics important to the job, indicated that one of the central
ones was "having the experience £o recognize symptoms, because as long
as a program is geoing fine, no sroblems, then vou have nothing to do,
It is [}mportanﬁ] fo recognize the smoke signals prior to the firve
starting, ond ge: something pointed in the direction of correction,”

Another project manager said that a good project manager ‘welcomes prob~

lems because a problem o him is a symptom that he's got to get at and
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manage, something wrong that he's got to coxvect. If it's going smooth,
he doesn't need to deal with it," The importance of the project manager
ip the correction process is illustrated by a project manager's comments
on the demands on his time. ‘The higher I get in the organizacion, the
more contrel I have over my time, T think, as far aé it's affected from

2
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ithe less conirel I have over my time as far as it's affected

L .1

from the botiom, because there are a loi of people who are working for
me, looking to wme for help, assistance, etc,, and I must give my time

to help them,” Trom the other point of view, the following comments of
a subsystems manager bears this out. %I feel that in my particular job
I have a respopsibility to make sure or to assure him, almost on a daily
or half-daily or maybe cn a two-houvr daily basis, that he is complecely
aware of all problems on all stages at all sites that might affect his
project with vespect to the propulsicn area." The same man also said,
ﬁthere’s always an atiempt to £lag cut to the project manager essentially
the daily status of, say where you stand in your particular area or any
problem areas that might come up,"

Withio the project group, coordinaiion is, to a large degree, the
function of the project manager. As one manager said in describing his
position, "The ¢hing kind of boils down to that as I see it assuring
that all the many, many picces that make up the project kecp working
together, keep working well together and through the kiepd of guideline
that was sei up, at least basically within the guideline." The same
monageyr indicaced that this activity wes indeed a heavy bdurden on his
time., "The project mancger gets so cccupied with the administrative

type problems, the communications, seciing up plans and guide lines, all
I 3 H & ¥ L=4 3
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of this coordination, compromise that needs to be done to get the job
done, that he cannot keep up with the technical side of what goes on."
Another manager spoke of his position as ihe focal point e¢f the project,
"There has to be a focal point, and that's the project manager. It
isn't a question of building up that position, but of giving him all the
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resources he needs to do a
a focal point to make the best and most economical trade-offs.” One
manager described his position entirvely in terms of the coordination of
people. "I view ithe thing as you are the guy who coordinates the
efforts of a lot of people, somehoy you have to satisfy them by doing
less than they would like to see.” Ancther manager described the pro-
ject manager as a coordirator of vesources., 'He is mostly a person who
can correlate all of those resources and bring them to bear through
working with the éther line organizaiions to do this."

_The coordipation of the project with the rest of the program is
an entirely different matter, This coordination is axiternal and rela-
tively mechanical. In fact, ome manager ascribed much of this coordina~
tien to a specially equipped conference room., "I ghink probablf the
greatest thing that helped the Saturn V Program didn't really come very
early in the program., 7This was managemeni control center operation
which ocur Program Control Office set up.,'" This room was equipped with
a number of cﬁarts depicting the progress of ail the various eslements
of the Saturn V program, These were arranged to give visibility to the
critical problems, the various schedule milestones, and similay infor~
mation, Alihough it was set up by the Program Control Office of the

—-

Saturn V Frogram, each stage project ofiice was responsible for lkeeping
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its own information up to date, and the date of the most recent posting
was indicated, The efifect of this wisibility was to place great siress
on what needed 0 be done and whai areas even threatened to affect the

Program's schedule. As that project manager said, “"the program control

center, . . . the discipline of having that room and that report, etc.,

)

time, and & lot of

h

has been vreal good, It probably saved ae a lot o
times it forced me to do things that I may have slipped by without doing."

He added that there was a need for different information at differ~
ent times in fhe Saturn V program's life cvele. "The center itself has
been dynamic and has changed as the program itself has changed, yet the
focus has always been on visibility of what's going on right now, what
are the tasks and what are the nilestones that have to be met to continue
the program on schedule."

As important as the program contvol c¢enter may be, it is only one
of a number of coordinating devices, Several project managers meniioned
the Program Manager's staff as coovdinating the various eclemenis of the
program. As one program control chief put it, "The Program Manager's
staff are the ones that we look to for guidance so that we can do our
jobs and make sure that we fit into the total system, We go to them
and say, ‘This is the particular problem we have today,' and, 'Have vou
seen it any place else? Maybe we can get some help somewhere.’ ¥

Another pfaject wanager viewed the Program Manager's staff some-
what differently., That's vhat staff are there for and T guess even

though we think they cause problems sometimes, they are trying to be

sure that we're not doing it diffevently from everybody else. There are
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for guidance, there's a lot of people that should read ihat over amnd be

sure whether it's consistent with what should be done.®

&l

Ancther Program-level coordinating factor is the documentaticn

ae

procedures used in the Apollo Program., These rvevolve around the schedul-
ing of various events and the documentation of the actual specifications

of the hardware. These procedures were estabii
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or that purpouse.

As a deputy program manager explained, '"We have established management
techniqgues &o assure that the work of the project managers is coordin-
ated and fits together with the rest of the program. One such technique
is the documentation tree requivements.’

Several of the project managers referved to a similar dewvice - the
configuracion management system - which is used to control changes to
the design of the hardware, Decisions on changes to the design or con-
figuration are made at various levels, depending on the size of the
change in terms of money, time, and the crgenizational elements affected
by the change., The system is designed io give an oOpportunity to evexy-
one affected o coument on the contemplated change avd £o imsure that
everyone affected will be informed of the decision that is made. As one
préject manager said, "The siost significant coordinating thing is the
configuration management system we have. I know this is rvelatively
new to Marshall as a Center -~ it's a few years old,"

However, several project managers tended o view these techniques
as rather mechanical and inadequate if they were to stand slene., These
managers felt that the wmore important or c¢vitical coordination took place
through less documentary communication nrocesses, particulariy review

meetings. As one engineering menager said,
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"The various assessment meetings that we usually have are
cross~fertilized between the various stage project offices.

At the same time, lab meetings are coordinated through our
labs; and this is through meetings. schedule assessmenis,
various techmical review, contract review, program manager
review, and these lead people vho are interfacing, such as

the lab man -~ he becomes a part of the team for information
that he can feed back to his system. T guess there is no
formal document put out on a regular schedule that establishes
this, It is strictly on more of the various schedule assess-

ments; thevy arse nnk"*lehorl hut nnot up mnedatrad every month

ReT 5 ek IR L PS8 2 v Lanral

depending on wnat problems have been.”

A former project manager noted the importance and detail of the
various reviews. '"When you're pear a launch, your eantive cycle revolves
around it, prepaving fur fiight readiness reviews. Right now, at éhe
Cape, we have a iremendous flight readiness review going on to. review
every stage, every system, all the pieces and make sure 211 the work
has been done before you're ready to fire,"

Even the deputy program manager, quoted above on the estsblishment

of goordinating techniques, recognized the coow d;natlnc role played by

varigus meetings. "Through the normal course of business, many interfaces
develop and many working sessions szre requived to resolve the cowpromises.
One of the mechanisms for assuring compatibility tchroughout all bardware

systems and subsystems is a working group organization which fiis Logether

and assess their own problems.,"

On the basis of this evidence, one can conclude that the group
processes are somewhat programmed; especially in the broader outlznes,
as suggested by the role of mansgement techniques in coerdination with

the program. Internal coordination, on the other hand, is largely a

function of the project manager, with some internalization on the parg

of group members of the idea that tie project manager should be notified
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of a problem as soon as it is recognized. Also, correction mechanisms
are heavily dependent on the project manager., Thus, the description of

group process ocutlined in the engineered pattern of the matrix model,

its the MSFC project groups fairly well,

ri

Group Roles
The engineered patitern suggests that there will be relatively

litcle interdependence in the group, but rather, it will be character-

[N

zed by independent instrumental implementation; and that the leadership
role will be relatively well differentciated and center on coordination,
The pre-eminence of &he project manager and his coordination activities
have already been discussed, The statements cited above tend to sub-
stantiate this point in regard to the MSFC project management groups.
On independent implementation, one project manager stressed the
point quite strongly.
1 always assume one thing, If I hire 2 man and I define to
hiw what his job is, it is his responsibi Iity to go. If he
has problems, then I zm the one he comes to. But, as long as
his project is wmoving, I have no right ~ once having delegated
that responsibility o bhim - ¢o step in and try to direct him
on how he does it, If his method is within the ball park that
he's playing in, it should be his and no: mine. Because each
person has a different personality. And as each level of
responsibility a man goes up to, if you &ry ©o tell him how to
do his job, he will be ineffecgive. TFinally, he will become
so ineffective that you do all of his work for him. 8o, give
a man his job, instill in him that it is his vesponsibility,
and let him go.'
Another project manager stated that he preferred to work in that
sort of a situation. "I iike to have a job and have a good bit of leeway
oen just how I get it accomplished. 1 think the program manager does an

excellent job there. We give him adequate visiblility, so that if we're

goofing up it wouldn't take hiw long to determine the cause - he has the
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necessary visibility,"

A third projecti manager feli that an ability to handle people in
a fairly independent situaiion was critical to a project manager. ‘'MHe
has to be willing to delegate responsibility and authoriiy on the job,
have the pieces defined and the overall package worked out so that every-

18 18
iy

k.

getner, and have a guod system of visib
Another manager suggested that this sort of independence was a
characteristic of engineers., "Engineers are usually very good in working
out a little, little, little subsystem, or a system. 8o, they cam work
that corner there very well. Another guy works thai one, and there are
many little pieces.”
The same man indicated that all engineers do not £it the paitern.
"You can put them in two categories. Roughly, the 'self~stariers,' -
the guys you can sit down with and talk to, as we are right now, and
just discuss it, No more than that, They will grab the ball, run with

it, and you don‘t have io worry, Then, there is the other category.

You can sit with them for days, lay out in deiail what they are to do,
and they still can't do it, They will always come running back to you
and want more guidance; or even they, in fact, want you to solve the
problem for them.”

On the whole, the usual and the expected role is opne of independent
implementation on the part of the engineers and coovdination on the part

of the project manager. Thus, the voles specified by the engineered

pattern, are deseriptive of the MSFC project management groups.

Sroup Style

The engineered pattern suggesss that the group style would be
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marked by high stress. The interviews did not yield sufficient dats to
test the proposition, but it can be cbserved that high stress does seem
to be a mark of the entire Apollo Program,

There were msny remarks about personnel working overtime without
pay in order to resolve problems and meei deadlines. But this atmosphere,

or styie, would sgem to be as much 2 factor of the Apollo Program as of

[«

the organizatioral arrangements, It seems exceedingly different to
separate ihese in ordef to analyze the origins of this characteristic
in this instance and the proposition cannot be tested adequately in the
current study,
Group Norms

The matrix model suggests thai 2 group organized along the lines

of the engincered strate would have norms of both individual respon-
P
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ty and sharved responsibility. group loyalty and economy, and
ficiency. The ingerviews did not yield suificient data to test this
proposition. Theve was one comment which, intevestingly, lends suppore

o individual responsibility as a norn of the MSFC project manager groupsS.
B

A former project manager who had moved into s »rogram staff office explain-

ed, "I haven't heard Dr. Von Braun Ethe Director of MSFC] express himself
very cleariy om iif, but he has vhat he calls 'automatic responsibility.®
He says that you ave vesponsible for whatever falls into your area =~
automatically. I don't have o assign anybody else to it, and if it

deesn't work, it's your faulg,”

The Enginegered Pagtern and the Crganization of
MSFC Project Management Giroups

On three out of the five organizing charvacteristics that the model
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specifies, the interview daia indicate that the hardware project wmanage-
meni groups at MSFC are organized along the lines suggested by the domin-
ant nodal pattern approprizte o their particular combination of perscanel
characteristics and task characteristics, On group structure, group pio-
cess, and group roles, the data support the propositions of the mairix

model, On the other two charvacteristics, group style and group noras,
there-is not sufficient evidence to test the propositions, but there is
some support and no conflicting evidence., The practice of project
management at the ldarshall Space Flight Center secems to follow the

organizing strategy indicated by the engineered pattern of the matrix

medel,

The Manned Spacecrafi Cenker

The Mamned Spacecrafi Center {MSC), Housion, Texas, is organized
guite differently from the pattern of the Marshall Space Flight Center.
Under the Divector of the

ates,

[N

Direcior of Science and Applications; the Director of lMedical Research

,,.a

and Operations; ¢he Director of ¥ 1t Crew Operations; and the Director
of TFlight Operations. The variocus program offices are not centralized
under one office, as at MSFC, but weport direcitly to the Center Director.
These are the Apollo Spacecrafi Program Office; the Apollo Applications
Program 0ffice} and the Advanced Missions Program Office., The title of
“"Apollo Spacecraft Program OfFfice” may have been chosen to emphasize the
act zhat all of the operating Divectorates have vesponsibility for some

aspect of the Apollo Program. Of course, the same will be true of future

manned space flight programns.




The Apollo Spacecvait Program Office (ASPO) is also ovrganized
quite differently from the progranm offices at MSFC, This office is
headed by a Manager, and within the Manager's Office are a Manager for
the Tunar Module (IM) and a Manager for the Command and Service Module
(CSM), the two vehicle systems for which the Apollo Spacecyaft Program
Office has the vesponsibi
veporting to them in an administrative sense and are not considered
separate crganizaiional elements. Under the Manager of the Apollo
Spacecraft Program Office ave the Program Coniyol Division, the Command
and Sexrvice Module Project Enginecering Division. the Lunar Module Pro-
ject Engineering Division, the Systems Engineering Division, and the
Test Division, The fifth of the Apollo functional offices, Reliability
and Quality Assurance, has been clevated to a Center siaff functien., as
was mentioned earlier. The Program Control Division has a Lumar Module

anch and a Command and Service Module Contract

L33

Contract Engineering B

i

Engineering Branch, while the Systems Engineerving Division has 2 Tunpar
Hodule Engincering Office and a Command ond Service Moduls Engineerving

Office, ALl of these engineering offices would seem to overlap, bui

(‘)

there arve some faivly unambiguous distinctions. The Coniract Engineering
Offices provide techaical support to the comiract negotictions, as well
as exevcise the program control function for their vehicle system,

igher the Lunar Module or the Command and Service Module. The Project
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Engineering Offices are concerned with major problems that reguire changes
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to all the vehicles of a particular sevies, either Command and Service
Module or Lunar Module. As was mentioned carlier, the subsysienms
managers are Located in the Enginecring and Development Dirvectorate for
the most part, although they report to the Apollo Spacecraft Program
Office for program direction.

Due o these arvangements, the‘d finition of the relevant working
groups at MSC is somewhat more problematical than is the case with MSFC,
For this study, the project management groups are defined to include
the Manager for the Lunar Module or the Manager for the Command apd
Service Module, the Coniract Engincering Office, the Project Engineering
Division, the appropriate Engineering (ffice of the Systems Engineering
Division, and the appropriate subsysiems smanagers and suppori pevsonnel
in the Engineering and Development Direciorate. Even more than is the
case with MSFC, these are groups that are bound together by what they
are doing rather than orgamnizational definitions,

Again, the various propositions will be discussed under several
headings, These include group sirn c?uru group pirocess and group roles,
The interview data did not test the propositions on group siyle and

group norms at MSC,

roup Struciure

The matrix model suggests that the working group in the engineered

pattern would be composed of specialists with a designated project leader,

relatively homogenous, and the leadership fairly pre-eminent. While the
interviews at MSC did pot fully probe these points, some indications can

the

i

be derived from the responses., One significant point is that ©
i o




sixteen NASA perscnnel interviewved at MSC, one had a completely non-
techanical educational background, while three others had teechnical but

non-engineering educational backgrounds. Of course, all these people

were doing some sort of engineering, and for many kinds of engineering,

a degree in the physical sciences is ss good as any other. S&ill, this
gives
are somewhat less homogenous than those at MSFC.

The interviews indicate that the project manager has a central
leadership position. Onme project manager said, "I don't let anything
go out to the coniractor, divections or information, without wme seeing

it first. 8o I read outgoing mail and I read incoming mail [after it

is | screened for the things I want o see.”
Anocher member of the group said of the project manager, "He is
intimately involved with everything I do. Of course, he's the focal

point for the program,”
One of the subsystews managers highlighted the importaonce and

diff

12 B}
ES

he toughest

Q-m

culiy of communicating with the projeci nanager.
kinds of problems ave getting across Co the project marnager your con-
cepk, your proposal to accomplish the job. I wean, in terms of he
understanding really what you want ta do and how will it be implemented.
He usually wants to kpow much more detail than whai you think he should."

However, the Apolle Spacecraft Program Manager is also providia

lezdership, as one projeci manager pointed out,

i

a good deal o

<~

#rhe Apollo Spacecraft Frogram Manager has meetings every
0.0

&
morning, at & to 8:30, or 5-9, reviewing rhe status of each
of our upcoming vehicles, ﬂzssicn pians and he koows every day
what our problems ave and what we have done o rectify or
1

alleviate these problems. ¥We have 2 Change Board, once a
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week, every Friday, which he chajrs. We have a Change Panel
every londay, which he dees not pavticipate in, but the
minutes are cut and he approves them so he knows what went on,
He has a pretty good finger on the pulse of the program in
real-¢im

This situation is illustrated by the comments of one eagineer.

"y iwmediate supervisor is the Manager for CSM and, of course,
his door is always open to me. I probably tallt to him maybe
five or six times a day. ‘then the ASP0O Manager's door is also
gpen £o me, However, I do have formal briefings with the ASPO
lManager, set up on Tuesdays and Thursdays from 8 ko 9., TFor
example, when Apollc 9 is on the pad, I may have a problem
right now, I may get a call from the project engineer at KSC
Kennedy Space Center | who'll say I have a problem right now.
1'11 get as much facts as I can on the problem, 1°'il come up
with my vecommended solution and then 1I°11 call either the
Manager for CSM or the ASPO Manager, and say, ‘I've got a
problem, I've got the story, 1'd like to go over it with

you and get a decision from you right now.'

On balance, it can be said that the suggestions on group structure
seem to apply to project managemeni groups at MSC, with the exceptions
tnat the group is somewhat more diverse than might be indicated and the

project leadership is shared with the Apollo Spacecraft Program Manager.

Group Process

The engineered paitern suggests that the group process will be
somewhat programmed, that ceordination will tend to be external, vather
than dependent on the internalized novms of group members, and that
correction mechanisms tend to be external, rather thap internalized by
group members,

The iatecrviews vield relatively little support f£for the view that
the work is velatively programmed. One manager of a project outside of
the Apollo Spacecraft Frogram Office {there are several in this category

which devel~p harduare for the Apollo Program and receive program direc~
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tion from the Apollo Spacecrafi Progrem Office) noted a difficuley in
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"The major problems were in
getti the requirements established, The test le don't Like ¢
getting the requirements established, The test peop on't like to

think about it, perhaps because auvtometion seems to take away jobs.,

0

And, they didn't really know what the requivemenis were. As a resulf,
they had to design the equipment to a range of requiremenis, but geiting
even these established was a problem,”

This would gseem to0 indicate that the work was relatively unprogrammed
or that there was a difficuliy in programming it, The comments of an
engineering manager point out thai some factors are usually known, "I
usually know what consiraints I have with the vehicle for getting a
problen resolved and so they usually allow me teo Lubt my own schedule] "

he limits on the

P

One of the vehicle managers zlso indicated that

day to day activity were well enough known, 'We are allowed a2 consider
abie amount of freedom to operate within the bounds of our spacecraft.
So, it becomes z liaison type of thing., We veceive direction fuom

we feed information to him, and we ask for divections, but it's, more or

less on an ezception basis.!

On balance, it would seem that the decision process was a mixture
of programred and unprogrammed, with a bit more emphasis on the unpro-
grammed than was the case with MSFC,

There was some indication of external coordination, through meet-
ings and project ieadership., One engincering monager suggested,
"Coordination is alsc enhanced, to a large extent, by the reviewy-type
mectings that we have, the acceptaence reviews of spacecrafi, pre-flight

readiness reviews, tend to get all the different elemenis together and

tallk zbout the same problem, I think it helped a Yot in the coovdination,”
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The same man stated that he consciously uses meetings as a
coordinating tosl. "As a coordinating device to pull the information
together, I hold twice a week meetings with ithe Apolle Spacecraft Pro~
gram Manager reporting up what we are doing and looking at what other
people are doing. These are ithe worning stand-up kind of meetings that
operate quite efficiently. I hold weekly staff weecings with wy own
people.”

In pavticular, the Configuration Control Board (CCB) seems o be
a strong coordinating factor at MSC. The Configuration Control System
is composed of a number of levels, At the lower levels thexre is a
Change Papnel faor the Command and Service Module, which is chaired by
the Manager for CSM, and a Change Panel for the Lunar Module chaired by
the Manager for LM. Changes approved by these panels must be within a
cost ceiling set by the Apollo Spacecraft Program Manager and must be
confined entifely to the particuiar module. Any change proposed for
the Command and Service Module or the Luner Module which would vegquire
a chapge in the cother module, or inm any other piece of the Apolio/
Saturn system, must be submitted to higher levels., In cases in which
the proposed change exceeds the cost ceiling or in which the members of
velevant Change Panel cannot reach agreement, the proposal goes to the
Apollo Spacecraft Progran Configuvation {ontrol Board for decision.
This Board is chaired by the Apollo Spacecraft Progran Manager and

MSC Diveciovates,

[N

includes the heads of the war

cu

s

One of the subsystems mansgers pointed out the role of the Con~
figuration Control Boavd im making decisions. 7If someone is asking

for a change or if we think a change is requived, and the wedics won't
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One of the wvehicle

said,

differ

one tecbnique was the coordinating factor and said, "I thind
particularly Fforvunate here at the Center to have some &ty

tent p
to foc

with o
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, crew won't buy it, or anyome else around wen't buy

o

tely end up with the head of ASPD. He ge

He has his Configuvation {ontrol Besrd meeting him

body brings their changes and problems, whatever
0‘"

WanIEers
"That CCB is where the program is made,™
Several

ently. For instance, one of

eople, and itf

8 iust

us attentcion on the things that zwven't getting done,

ur things like our Conf

scross the whole Conter., the normal day

sonewhat more bluntl

figuration Control Board which

ig, we

ets everybody avocund the

on Friday.

have you, to the

v wihen he

people tended to view the coordination process somewhat

the project managers denied that any

k welre

~cmely compa-

the ianterplay among those people Lhat iends

And 1 think

to day activity

for a problem

keeps them so much involved in it thet it's very difficule
to fall in a crack,”

Cne of the engineeving wanagers felt that communication and
coordination was his most difficuly problem, and his example seems Lo
point to the necessity ¢f interpalized coordination.

A&

coordination., And exawples cen be made of that

‘Probably the toughest problem we have is communication and
when we make

a decision, UWhen I wake a decision to do something, I want
to be sure that the subsystems manager understands what L'm
doing, I want to be sure that the Tlight Operations people
understand what we ave doing, 1 want to be sure thsat the
Filghit (rew Opevarions pecnle undevstand what we're doing.

I also have o be sure the contractor agrees and under-
stands what I'm doing. ‘s an interface that affects
another conty ﬂctcl, T be sure that the people whe
work with chem here unde ad what I'm doing. It may affect
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Marshall or KSC. So, normally, what I do is, in making the
decision, I get on the phone and just start talking on the
phone. I coordinate it and I document it in a memo and who-
ever I think it may ~ I mean there's no written rule who I
talk to - I guess I just have to use my judgment, and then I
document it either from myself to my boss or to the ASPO
iManager, or from my boss and ASPO to the Center, or KSC, or
wvhoever it could be."

Another engineering manager's description of his most vexing
problem seems to point in the same directiom,

"I think the most vexing thing has been the lack of definition
of responsibilities, For someone to have layed cut all the
things that need to be done and to say, alright, we need to
have a subsystems manager for this widget, and to make sure
that everything is covered and socme guy is responsible and
knows exactly what he is responsible for. We have these
understandings in a general kind of way, but neither are the
scopes or the levels of responsibility. Nobody is really

sure what they’re responsible fer."

It would seem then that coordination within the project management
groups at MSC depends, to some extent, upon the group members, though
the project managers do play some role in this, and the Program Manager,
through the Configuration Contrel Board, is the final coordinateor.

The interviews seem to indicate that correction is, to a degree,
external, rather than internal. As ome project manager said, ''Quite
often, what we come out of these meetings with, say the project engineer
or subsystem manager, or some specialist has been working on something
and he is not getting the results he needs., So the ASPO Manager or my-
self or the other project manager may want to call our counterpart at
the contractor's plant and say how about getting om this, devoting some
of your attentiom to it,"

However, this does not mean that there is a standard procedure for

handling problems, as the comments of one of the engineering managers

indicates, ‘'When it's identified, we usually assign someone to the



fmie

problem, but it's not desali with in

]

very vigorvous kiad of a way, like
saving we musi be sure we have a comsistent rule for handling this kind
of problem in all sebsystems.”

And the correction mechanisms are ta some extent dependent on the
project¢ group members' initiative. One of the vehicle managers indicated

that corvectionm pr
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lem, "I'1l let tiem know the problem, let them know what I'm doing from

(.-

ime to time, wvhen I'1l have a resolution for them, and if I need help
in getting it vesolved, like, if I need help, top-level help from

Washington or top-level help from Marshall or KSC, 1If I feel that it's
veally something T veally can't handie, 1’11 let them know that alsc.”

But ihe basic process of correction seems £o be besi described

"'\J

by the feollowing statement of a manager for one of the projecis outside
of ASPO.
o geﬁ a change made for 1M-5 right now, we

e

s .
we want o u\;u‘\-e,» e

to me; cnd, oF couxue, we go back and

understanding and we change a few things when I Lzlnk fro

my experience, it might work a better way, 1 esk questlons

which he might not have answers for, and tvry io think what

might be asked of me when we go to the nezt level, . . .7

The group process specified by the engineeved patiern would seem

to generally apply to the MSC project managemeni groups, with the excep-
zion that the decision processes are somewhat move unprogramaed than
would be indiecated, Coovdination depends, to a lzarge depgree, on extexrnal

facktors, especially the project manager eand meetings, and correction is

more external than internal,



Group Roles

The engineered pabieirn suggests vhat theve will be relatively little
interdependence in the group, but rather independent instrumental imple~
meniation

and that the lesdersnip role will be relatively well differen-

>

process, and the only additional poin

Spacecraft Program Manager also shaves some of the cocrdination and leader-

to be made here is that the Apolle

The MS8C project groups do seem to be characterized by independent
implementation. One sroject menager emphasized individual responsibi Miy,
“When there's some action that must be taken we like to zssign some

individual that is responsible for that action, 1f vou don’t make some-

overybody iz responsible, vou never get am snswer W
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The senme manager described his opevating philosophy in similar terms when
FEny
No

that you have the wost confidense in end you preity well iet them moke the
shile ag ¢he
sawe time they're keeping you appraised of the probleas, potential prob-

lems, and ¢heixr schedulc

From the cther point of wiew, one of the vehicle wonagers described

b4

the process of siheving information sboui problems, indicating the inde-

pendent implerentation. "We jusi have vound table discussions ghout the

problems that ave applicrble o our given

out on the toble and frow than

up flags to problems

, . .. e
they might have and that kind of hi
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These representative comments indicate that the propositions on
group voles suggested by the engineered pattern substantially apply to

the project groups at MSC,

The Engineered Pattern and The Organizarion of MSC Projeci Management Groups

Again, on three gut of the five organizing characteristics which the
model specifies, the hardware project management groups at MSC are organ-
ized alonmg the lines suggested by the appropriate nodal pattern. Op group
structure, group process and group roles, the data support the propositions
derived from the model, while on group style and group norms, the data do
not test the propositiocns,

There are some significant diffevences in ghe application of the
model to MSC as compared to MSFC. On grvoup structure, the MSC groups
seem less homogenous and the group leadership is shaved with the Program
anager. On group processes, tiwe decision processes at MEC are somewhat
more upprogrammed than is the case at HSFC, and more so than the wmodel

would indicate for the engineered pattern. These differences will be

examined further in a later section.

Summary
This section describes an attempt to apply the propositions on
syoup organizotion derived from the matrix model to the Apolle project
management groups at MSFC and MS3C. The interview data tested only the
propositions on group struciure, group process and group roles inm each
case, ‘The propositions were generally substantiated by the imterview
data, but seem to apply more peatly to the MSFC project managezent sroups

than to those gt MBC.




SECTION IV, PROJECT MANAGEMENT GROUPS
AND THE ADMINISTRATIVE SYSTEM

This section describes the relationship between the Apollo project
management groups and the administrative system in terms of Shull's matrix
model, I& must be remembered thar this approach takes a systemic view of
the organization, The system concept as used heve is distinctly an analytic
concept, As such it is imposed on the phenomena in an attempi to understand
or explain it, Perhaps one of the more difficult aspects of systems theory
is the definition of boundaries., While there are ne thecretical problems
of boundary definition, in practical application the boundaries are dif-
ficult to define in a way which is both useful to the analyst and meaning-~
ful to the participants,

While the definition of the bounds of the project management groups
used in this s¢udy (see Section II1) may be unusual, they seem £o be useful
for present purposes and perhaps meaningful to the participants., A similar-
1y useful and accentable definition of the bounds of the administrative
system is more difficult to delineate, Shull places all non-operating
task groups in the administiative system,l but this is merely a catch-all
definition which daes not serve ¢o identify the groups to which the proposi~
tions derived from the model are te apply.

The particular problem with the Apollo project management groups is

that there seems to be an oversbundance of adwinistvative systems. The

! Shull, op.cit., p. 16.

-4
———




-28-

Program Manager and staff, at least at MSFC, could be considered the first~
level administrative system, The Center Divector and staff at each Center
could be a second-level zdministrative system. The Apollo Program Office
at NASA's Washington Headquarters could be a third-level administrative
system, And the Administrator and staff of NASA could be a fifth-level
administrative system, In such a case, the various levels would comstitute
subsystems of the next higher system, As such, inputs from each system
would affect the behavior of its subsystems, from the highest to the lowest
level as well as from the loyest to the highest. The higher level systems
would tend to define the parameters within which the lower systems operate.
This could be visible to the participsnts at the project group level, «
they might consider only the actions of the immediate administrative
system. For various reasons, the multiplicity of administrative inputs

is quite appavent to the Apollo project managemeni groups. Thus it would

be difficult to speak of a single administrative system in meaningful terms.

ot

&s a practical resoluticn of the problem for the present work, the

administrative system will be defined as those entities within NASA which
place constraints aend requirements upon the project management groups and
legitimate these cunstraints and requirements oa the basis of organiza-

tional authority. The main thrust of this definition is to exclude the

functional support groups, which legitimate their constrainis and requirve-

~

ments on the basis of technical expertise, In concrete terms, the defini-

)

lentifies particularly the Pro

e

t

Jude

o
on I

danager and staff, the Center
Director and staff and the Apollo FProgram Office as the wmain couponents

of the administretive syscem, Of course, the Office of Manned Space

Flight and the Administrator of NASS and staff arms of these entities play
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a role in gemerating administrative requivements. Indeed, many require-
ments are generated, or at least ratified, entirely outside of the organ-
ization. Congress must approve noney authorizations and appropriations
and the Civil Service Commission establishes persennel guidelines - both
of which have some effect on project menagemeni groups.

fThe inclusion of the Field Cenicy Program Managers in the admindstra-
tive system may present some problems, These are highly technically oriented
managers, and are very much task oriented, Indeed, as wmengioned in Section
11T, at MSC the Apolle Spacecraft Program Manager takes a real share in the
project leadership., Still, these are, as far as the project management
groups are concerned, managerial rather than operating groups. Their main
concern is not to accomplish the task, but to see that it is accomplished
by cother people in conformance with pirogram reguirements. 1In a certain
sense, the Apolilo Spacecraft Program Manager may play both of these roles,

and at times it may be difficult to tell which role he is playing. Such

[

n the analysis.

difficulties will not constitute & major problem

The Marshall Space Flight Center

The relationships between the MSFC project managemen# groups and the
adminisirative system will be discussed under the headings of planning,

control, and boundary negotistiens. The propositions on reward relation-

ships vere not tested by the MZFC data.

Planning
The model suggests that for a group in the engineered patiera, the
ends will be specified by the adminisivative system, the resources will

be specified by joint negotiation beiween the administrative system and
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the working unit, while the process will be determined by the working unit.

The specification of ends and process secem to be quite well covered
by the comments of a Research and Development Operations project engineer.
In an interview with other members of the research group, he said, "the

_7‘.
original requirement comes from management. It's up to the R&DO |Research
and Development Gperations] side to lay this all out in an engineering
fashion in the proposal state. And Industrial Operations really doesn‘t
get into this thing too much in the initial phase . . . "
rom the project manager's poimt of view, one project manager traced

his job back to the planning stages in terms which substantiage the
proposicions of the model on both process and resources.,

“I think it includes everything velated to that, it includes

everything from estimating and going in and askiang for the

money, or requesting the money, or fighting for the money.

It includes getting the money for the project. It includes

writing the statement of work, deciding who's going to build

it, which contvactor will build i¢, and siiciing in and arrvanging

for the megoifiation for that contract and then it includes

deciding on the chaunges frow that time on o o o o

The Apollo Program was well advanced when these interviews were
conducted and had been in existence some seven years, In addition to

personnel shifts and hazy memories, the discussion of the planning

thait the organization had been

[

responsibilities was impeded by the fac
realigned since the inception of the Program. One Apollo Applications
Program project marager who had been in the Saturn T Program described
the impact of the crganizational changes,
"At the outset of the Saturn T Program, they referred Lo it as
the Saturn systems ofifice 2nd that office controlled the request-
ing of dollars from heedquarters. I £ind that that is approximately

about what they did. Yes, they got into technical discussions, but
the final decision was with Reseavch and Development. TFrom that
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evelved ihe creation of Industrial Operatiops. This was when

the project managers stavted Lo come of age , o . o'

The Apollo Applicatioms Program is much more recent than the Apollo
Program and as such, is closer to ithe planning stages. Thus, the project
managers in the Apollo Applicaéions Program are more awave of the planping
responsibilities., One of these emphasized planning as impoirtant to the
project managers. "I think a project manager should first and foremost
have the ability to plan effectively and communicate effectiveh@orgamize
effectively and compromise and that kind of thiang."

The same manager indicated that he had been with his project since
its inception, and even prior to that time. "I got involved in this
present assigement when Marshall was making its initial proposal to NASA

{arch, 1966, and of course,

[

0

P

headquarters £o take on the project which was
we didn't get approval for the project until T guess it was August, 1966,
but essentially I had the responsibility I have right now for three years."”
This has not been the case with all of the Apollo Applications
Program project managers, as one manager pointed ocut., "The Program is
over two years old and I've been here since January. There's a lot of
decisions and reasons for decisions that were made that I haven't learned
yet,"
On the division of planaing vesponsibilities, the balance between
the administyative svstem and the working units suggested by the model
feor the engineered pattern would scem to spply Lo the situation at the
Marshall Space Flight Center. The ends seem to have been basically
specified by zhe administvative system, the process determined by the

PY

working units and the specialists involved, while the resources were
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determined by the requesting-approval process which can be reduced to

joint negotiation,

Control

The model suggests that for a working group in the engineered
pattern the conirols specified by the administrvaiive system will be fairly
specific, These will include the specification of critical control poiats,
and the specificarion of input and output conirols in terms of fimancial
paraneters defined by the administrative system, Process conirocls would
be lodged in the working unit and feedback on input, output and process
would be transwmitted to both the working unit and the administrative
system,

The question of contyol points was not probed in the interviews

since adequaie information on the Apollo Program scheduling and reviewing

i

process is available in published documents.” These give sufficient

=

evidence to conclude that critical contvel points are indeed used in

controliing the work of the Apollo project wanagement gioups.

One project manager descyibed the process of determining the financial
parameters in terms which aptly sum up the responses of most of the other
personnel interviewed,

"The decision on the toital amount we get is made at headquarters.
But that’s wade after we send the requested budget in there, and
that's adjusted several times, and we get an indication Lhat we'll
get somevhat less than that or somewhat more than that. They
usually want more ﬁna i1 on why we need it and it's negotiation
back and forth, o the allocation of money comes from theve, but
the decisions on wh*“ :0 spend it on are made bhere."

1 see especially National Aeronautics and Space Administration, Office
of Maaned Qpace #light, Apello Program Office, NASA-Apollo Program Manage-
went, Vols, I through &, (various dates).
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There is some question about the rele of the financial parameters
as a control on the project wanagement groups. One project manager said
in regard to resources, "We've kind of been the king-pin program in NASA

ever since I've been with this project office. Obviously we never had

much of a problem there.”™ And a deputy program manager only pointed out
the obvious when he said, "we'wve enjoyed a rclatively high priovity for
the Mapnned Lunar Landing Program, Along with che priorities come the

resources,”

But one project manager who moved inke a staff position indicated
that the determination of financial parameters does preseni some problems
to the project management groups,

T think the biggest difficulty we have within the NASA setup is
that NASA is bound by the periodic budget ezercises. 1In other
words they can’t plan very definitely for a long range. You bpever
know year to year how much you're going to have in the way of
resources t£o do soncthing. So we go through cheages in the direc~
tion thai you've going, generally in the scme dirsciion, but you
musit take a lot of sad taugenbs because of fiuvetuations in the
ailable rescurces and T think im khe loo tpis costs the

a7 T
gover rameE move money .t

o
gt d =2

Thus ever in a generally well funded progrom, the establishuent of financial
parvaneters act as control

‘'he Apollo Program is in a unique status as far as financial veswurces
are con;erned as is evidenced by the staiewent of sne project manager who
speaks for the entire Apollo Applications Program. ‘Right now we have a
particular dilemma in that we have limited vesources and the job we weng
to do is not consistent vith the resources zvailabie., And that truly is
the biggest probiem right now. It's how can I accomplish the predominance

of the regquiremenis with the funds avoilabhle,”
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On balance, it can be said that there is ait least an attempt Lo
define financiall pavameters as an input and ocutput control, but that the
utility is diminished by the priority which the Apello Program commands.

One project manager commenied on the vole of the program manager's

staff. '"The person I report to has seveval people who, in the staff

*

office, are reporting to him., They're

e

n a position of esiablishing
policies which we have to carry out, A lot of times it involves doing
jobs differently f£rom what we want to do or at more cost than we think
we can spend for it or take maybe a lack of understanding of what we
think is required." 7This was the onily indication in the interviews thag
the admirnistrative system might be taking a hand in the determination

of process controls. On the whole, it would seem mest likelv that the
majority of such determinations were made by the engineering specialists
iz Research and Development Operations in cooperation with thg Praoject
erations.

Managers in Industrial Of

P

The reviewing system of the Apollo Program., which is described in
the Apolio Program Management manuals veferved (o sbove,; constitutes a
powerful feedback mechanism. A4s one project manager described it, in the
Apollo Program “you have a piece of NASA which communicates almost within
itself in a circular losp,”

Tndeed, some managers felt rhat the reporiting requivements were too
great. One former project manager described a tendency to overreport.
"We report, for example, things that shouldn't be veported. They're not
problems, but 9o someone that didn't undersiand about it and heard it,

it's a problem. We can’it affoxrd

i

ot to bring it up and say look, this is

what we're doing.”
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The same manager described the reviews as the major outside demand
on his time., "I follow my own inclinations with the exception of external
requirements for reviews, status reports and so forth and they were rather
demanding. Early in the project we found that each layer of management,
from the top to the bottom, had its own idea of a veporting series and
the project manager handled them all.,”

He added that heavy communication was vequired for the success of
the program. "In fact, I think it couldn't successfully proceed Ewithout
that communication] because the Program Manager had to be that aware of
the number of problems and status so he could make his tradeoffs and
report adequately to the nexi higher level," Thus, it would secem that
the preoject management groups are indeed part of a communication network
which provides feedback to both the administrative system and to the
project groups.

In total, the propositions on the conirol relationships apply fairly
well to the MSFC project management groups. Control poinis are specified,
fipancial pavameters are defined, though this control is weakened by the
funding support available o the Apollo Program, process is generally
left to the project management groups, though there may be some influence
here on the pari of the Program Manager, and feedback {s directed to both
the administrative system and the projeci management groups.

One possible control that the model does not discuss is personnel.
The Apollo Program and NASA, as 2 goverawment ageney, are under the geaneral
Civil Service rules and proceduxes, for the most pavt. In addition, they
come under general atiempis, by the Fresident or Congress, to limit the

number of government employees. For these reasons, or perhaps because
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MSFC was, at the time of the interviews, atctempting to implement a Reduction
in Force, persomnel restrictions wexe faivly prominent in the minds of

wany of the MSFC project msnagement people, One projecit manager indicated
that they constituted his bigges: problem, "My basic problem as far as

any organization is concerned is that no one in government seems to hawe

any control over being able to apply the needed skiils where they're
needed "

One of the depuiy program managers compared the situation teo that
found in industry. "The project manager in industry has a lot more freedom,
especially with personnel., We seem to think that we don't have as much
freedom in the personnel aveas, like the hiving and firing o be quite
blunt -~ promoting and demoting,”

A former project manager who had moved inzo a staff position thought
that the projects were competing for the available manpower., "I think
the only competiiive process I see is from the lack of civil service
maupower the stage manager has working for him. See, we're in a manpower
phase-down situation. Iverybedy's tyying to hold on to all the manpover
he's got."

On the other bhand, anmother projeci mansager vecognized the problem,

but felt that it was not serioms, ‘We would like to have a few more people

e

o

n here, a little bit larger group than we've had at times, but I wouldn't
say we've had any serious problems.”
It would seem that the personnel tTestriciions are not so nuch a

contyrol used by the admirvisirvative system as uliar circumstance of

s
1}

£

the organizaiion. 9f course, from the lavrger point of view, these are

contvols enforced in an actewpt to implement overall governmental policy.




Boundary Negotiations

The model suggests that for a working group in the engineered pattern,
resources would tend to be a legitimate subject for pegotiation, and that
the adwinistrative system would tend to emphasize resource parameters

while the working group would tend to emphasize output-feasibility and
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legitimized by the working unit on the basis of process requirements. The
ipterviews do not test these proposiiions adéquately but some comments
would seem o indicate that they do apply to the MSFC projeci management
groupd. The comments of one project manager indicate the adjustment of
process o the finmancial parameters, “The amount of resources you need

and the amount of resources you would like to have are not always the

sanme, either. If you had more wmoney you mighi do things differently.

You might work more exotic resolutions to your problems.” And the comuents
of z deputy program manager, here considered as part of the azdministrative
system, illustrake ¢
achieve the desived oufput. "We may have teo elimipate écme of the ques-

tionable areas of expenditure go that the problem can be solved., We have

to divert funds ko cover this. It is an iterative situation between us

In addition, the comments included in the seciions on planning and
control amply illusirate the negotiation processes by which the financial
parameters are established, The comments of a former project manager now
in a staff position also gubsiantiate the suggestion that these are

subject to negoifistion,
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n the majority of the cases, we go in with what we went and it's
ki ad of an unwritien agreement with headguarters that they will cut
the Center budget and noi in the individual accounis, though in the
past POP they did single out accounis that they wanted to have
certain money rvemoved from, Whern ihe money comes back,; genevally
speaking unless headquarters has isolated a specific account, the
Center by precedent will take a pro rata share of the cut and apply
that to all the accounts. So they really don’t get into the judg-
ment,"

e support for the molel's suggestions on boundary negotiations

is rather strong though the intevview data do not provide a full test of

the propositions,

The Administrative Relationships and the MSFC Project Menagement Groups

Of the four characieristics of the relationships between the admin-
‘rative system and the MSFC project management groups speci fxed by the
model, the intevview data substantiaie two, strongly support a third and
do not test the fourth. The plavning vespensibilities appear to have been i
divided along the iines suggesied by ihe cngineered pattern. The conirel
relationships suggested by thab paitern seew te apoly to the MNSFC oroject
management groups, though the definition of financial parameters as a i
control is somewhat weckened by the generally high funding levels of the
Apolic Pregram. The propositions on the veward relationships are not
tested, and the propositions on boundary negotiations are rather strongly

»

supported by comments made in the course of the interviews.

The Manned Spacecrafi Center

The relationships between the MSC project managoment groups and the

administrative sysiem will be discussed wader the headings of control

vewards and houndavy negotiations, The propositioas on planning were not

tested by the MSC daia,




Congrol
The model suggests that for a working group iﬁ the engineered pattern
the controls specified by the adwministrative system will be fairly specific,
These would include critical control points and input and output controls
in terms of financial parameters defined by the administrative system,
Process eontrols would be lodged in thie workimg unit, and feedback on
input, ouiput and process would be transmitted to both the workimg unit
and the adwministrative system,
The comments on the Apolle program schedule and review processes
in the discussion of the control of the MSFC project wmanagement groups
apply here also. An additional support for the propositiop that critical
caerol points are used in the Apollo Program is one engipeer's comment
that his division "has a veview planning ovganization for the various Head~
quarter’s type milestones that we must support, like flight readiness

reviews and cusitomer acceptance readiness reviews,"

The specification of inputs and ouitpuis in ferms of financial

fos

$e

parameters seems Lo be achieved similarly o the method used at MSFC and
appears io suffer the ssme deficiencies. One project manager commented
that the Apollo Program had fivst priovity on funds, "Particularly for

the last several years Apollo has been a national goal, The agenecy has
used its money to do Apollo and enly if there's anything left over does

it get spent on other work." On ihe other side of the question, one of

the subsystem wanagers on a project outside of ghe Apollo Spacecraft
Program (Uffice felt he was somevhat more constrained on finamciol rescurces.

"1 don't think anyorme really feels that they have all they want

i
or all they need, I'ﬂ very iimlited on what I can do here. TFor
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instance, I can't spend wmoney unless it's already inside the
coniract. If there's a mew requirement, it has to go to higher
authority than me to be justified, I make recommendations and in
most cases the recommendziion holds, but that’s not necessarily
true,'

On the feedback mechanisms, one of the Contract Engineering manageys

described the situation in terms sixikingly similar to one of the comments

veported from MSPC, I think we've closed ghe loop pretty good, as far
as keeping all merbers of the NASA management informed,™

He added, ''We, of course, submit reports oub through ASPO to head~
quarters on our costs and schedule situation, We track {he change budgets
very closely,”

One of the project managers wentioned one pari of the feedback pro-
cess, 'We submit to headquarters cach month & ser of charis which shows
what our status is and how we are progressing against the program plan,”

Another project wmanager described the process in somewhat more
detail, including the Apollo Spececraft Program Manager®s position in the
feedback loop.

"The Configuration Control Boszrd is kind of 2 method of keeping

track of things and that involves the ASPO Manager. In addition

there ave a series of reviews and wmeetings which requive ?nLorﬂatlon
and preseniations from me. Such things as the Monthly Program

Revzcwu at the contractor's site, the Menthly Maonagement Council

at OMSF, {Office of Manned Space TixthJ the Degign Certification

Reviews, the Flight Readiness Reviews vight on down to the Posi~

Mission Reviews., These all require him to follow things pretty

closely."

Finally, the comuents of one of the fontract Ingineering managers
on changes iliusirate the contention that feedback applies o input, ocuiput
and process.

"There has been very close coordi:

¢

ASPO, frowm my office and the ¢on headquariers
on what congract changes hsve we authorized, what is in worl,

O]



what's out for proposals. 1a fack we veport weekly, joiutbly, to
headquarters and they appraise the 4pollo Program Director and
OMSF ro‘”ice of Manned Space Fli“h*} Uonthly on all the changes
in the program. Not only whai the change was, bui effectiveness,
cost, etc. They also monitor our change budgets,”

The MSC project management groups appear to be under the same types

of controls as those at MSFC, Control points are specified, financial

i % e ~ -
I TS COoRLTo ok 15 we 1\. ued by the high

though

|~‘

pavameters are defined,
funding levels, and feedback is divected to the administrative system as
well as the working unit, Indeed, the moppower situation found at MSFC
also applies to MSC. 1In most non~governmental organizatigns, manpower
tends to be controlled chrough the definition of financial paremeters.

This does not seem to be he case with the Apollo Progran. One engineering
managey consciously separated the two. 'We could eguate it primarily teo
lack of people to put on to solve a problem because they’re busy working

oo other kinds of problems. The lack of money is not a problem." He

o Apollo., "The zbilicy to give
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‘reedonm certainly affecks all
levels, it’s a fundamental vestriction to all governwent operations, so
that's not unigue to HASA, 1it's oune of the most wexing vestrictions."

One of the subsystems managers echoed these comments., 'We also find
T

th funds., They just don't corre-~

late.” He went on to say, "As far as people go, I feel very defipitel

that I'm understaffed in this seciion, particularly with NASA people., I
don'e think this is a unique situarion in this seciion. T think it's
pretty well a center-wide problem with MNASA personnel . ®

Again, this particular situzaiion scems £o be 2 uwpique circumstance

SN

of the organization rather than an additional contvoel imposed by the
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administrative system. Of course, fiom the point of view of the President
and Congress and the Civil Service Commission, this is another comtrol

used to implement public policy,

Rewards

The model suggests that for working units in the enginecered pattern
performapnce evaluation of resource-utilization and output will rest with
the administrative system while process evalustion will rest with the
working unit, particularly the group leader. Also, the veenforcement
of loyalty will be directed toward both the aggregate organization and
the working unit. The interviews did not probe these questions and the
propositions cannot be adequately tested, There were no comments which
ran counter to these suggestions, and some seem te support them., Im
particular, the comments of one project manager on the dedication of the
personnel seem to suppori the suggestions on the reenforcement of loyalty.
"The program is run by dedicated people. And dedicated people I've
noticed have an affinity for joining together muitually which even over-
rides personalities, atthough I think you have got to have the recognition
of people for their imielligence. And you have to think really highly
of other people asking these things, have confidence im tﬁem, and what

they're doing is right.”

Boundary Negotiztions

The model suggests that for a working group in the esnglneered pattern,
resources would tend Lo be a legitimate subject for negotiation, and that
the administrative system would tend to emphasize resource parameters

vhile the working unit would tend to emphasize output feasibility and
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that once the program is crystallized, renegotiations would tend to be
legitimized by the working unit on the basis of process requirements.
Though the interviews did not probe the guestion in these terms, the
comments gbove on the determination of financial parameters would seem

to substantiate resources as a subject of negotiation., In addicion, the
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comments of one engineering manager on the
these suggestions., 'We go to our resources division here and ask for the
funds and they see if there are cnough funds within the Center resources
that they car reailocate money o our need, and if net, we'll have to go
back and ask Headquarters for additional resources for this."

Also, the attitude vepresented by the following comments of one of
the vehicle managers scemed to be faivly representative and support the
nodel's suggestions., It was a determination that we had some very serious
deficiencies in the design, They had to be fized if the program was to

succeed and the cost of fixing them was velatively minor compared to the

[£o3

total cost of the progras,”

Finally, the comments of onc 0f the project managers indicaie that
process requirements, in kerms of engineering changes, justified exceeding
the established financial pavameters,

YLast year we didn’t have good dollar control on the project
because we were making a lot of changes. We went way out of our
budget and we had very little pressure on us in terms of cutting
funds back, You get the occasional back of the hand, but not
really constant day to day pressure. How this year, it's been
tougher because we were short znd we've had to try to live within
a total dollar ceiling, so I spend a Yot more time on cost this
year, than I did last year, Now I've forecast that 1I'1l probably
spend a litile more next yesr because we're beginning to move
towards program close-cut and cur program may not be closing out
as fast as our funds ave closing out.”

&
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The Administrative Relationships of

the MSC Project Managemeni Groups

Of the four characteristics of.

istrative system and the MSC project

mcedel, the interview data substantia

the fourth,

the relationships between the admin«

managenent groups specified by the

te one, support two, and do not test

The interviews did not probe the division of the planning

responsibilities for MSC, but ihe comuents on the control relstionship
follow the ocutlines suggested by the model, The propositions on bouandaxy

negotiations and, to a lesser extent, on rewards are supported, though

not fully tested by the results of the interviews,

The Perceptions of Administrative Personael

Further support for the propositions on the relations with

administrative system can be dervived from the interviews with members of

the administrative system, These were mosily personnel of the Apolle

Program Office at NASA Headquarters in Vashxngto”, D.C., and their comments

deal particularly with the planning and control relationships., These com~

menis were not discussed in the earlier sections because in most cases

there was no effort tg disiinguish between MSFC and MSC.

Planning
One division chief emphatically supported the proposition that the

ends, or basic requiremenis, of the Program are set by the aduinistrative

system at Headdguarters,

“The regquirements - pfogram requirements - are established here at
headquarters, They're generated heve at headquarters. That doesn®t
say that this is an ivory tower. They're generated through a lot

of meetings and a lot of discussions with the Centers and they
aventually weach our Mapagement Council where the decisions are made.
0f course this goes way back in the prog" m and has been continued.
These then ave set forth as NASA Headquarters requirements

ot

and
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they're documented, and in the case of the Apollo Program, the
specific metrhod we have is the Apollo Program Directive . . . ."

Further support for this position comes from the comments of one

member of the Apollo Program Control Office. '"Every six months, pre~

viously every quarter, we conduct an overall budget review. The process

basically is develeping and setilng ocut guidelines which define the pro-

gram content, schedule, etc. that they are to work on and budget for."”

In describing the process further, he illustrated another propesi-

tion on planning, that the rvesources are established through joint

negotiation,

"The POP, Program Operaiing Plan, team visited each center and
reviewed their requirements., They presented the guidelines that
they have interpreted from ocur broader guidelines; in other words,
their one level lower detail guidelines., They say to us, youy
guidelines were such and such, and we have interpreted that into
this and this and this, Here's the basis on which we submitted
our budget, which, by the way, turns out to be another place where
you sometimes find ¢hat the Ceniter interpretation isn't quite
what you meant up here, We meani the guidelines would be thus and
thus, therefore it looks like we can save $10 million. They said

sure, no problem. So there's that kind of thing. We listen to
their presentation and then consider all of these factors . ., . ."
A

Another wmewmber of the same oifice also supported this position in

discussing the resolution of budgeting problems,

"It's each person's preference on how you want to handle the field

point

centers. My own preference is that we go back to the field centers
and say, hevre's how we think you can solve your problem, but you
can actually solve it any wvay you choose., 1If you el another way
is more appropriate, go ahead, sclve it ithe way you want., That's
normally the way we do it. We give them the rationale for what

we think, but we certainly enable them to quarrel witbh us,”

Finally, one of ihe NASA budget division personnel makes the same

even more emphatically.

“The headquarters staff is very caveful not to dictate to the
Center Dirvector exactly where they shounld take reductions because
he has been delegated the job of getiing a scope of work done and




his allocations of resocurces is the way im which it gets done.
The headquarters staff can wake recommendations, and he doesn’t
have to accept them except as to certain control totals. And if
he doesn't like those contvol i{otals he comes back to the Program
Dirvecitor and makes his unhappiness known and they work it out.
Bui there is a guite considerable flexibility im the allocations
to the Centers, on purpose. The Cenbters are vcaponsible for
getting the job done.”

Control
One of the Program Conirol personnel commented broadly on the controls

used in the Apolio Pregram,

"I guess the things that we do control from Washington are so-

called control milestones of which there ave about 300 of them.

There are the budget line itewms at the project level., Ian other

words through the POP - Program QOperating Plan - process semi-

annually and configuration changes through level one CCB 100n£1gur~
ation Control noald and through those three general means of
control the Apollo Proo - am D1reCLc has a positive direciive
aughority over the field center
This would support the suggestion that critical control points ave used
and that financial parameters are defined at least partly by the adminis-
trative sysienm,

Another headguarters person who worked on the Apollo budget peinted
out, "The entire resource syséem of the agency evelves from atiempts to
have a grass woots budgeting, attempis to get all its dakta up from the
centers co headquarters . . + o

This does not negate the suggestion of joint wegotiation, as one

of the Program Contvol people pointed out,

“Wla don't just take the center dnput. NASA is tvaditiomally heavily

biased towards a strong field center organization; because of this
tremendous taleni: theve is a good reason for it. But we have to
really louk a: everything we get from ihe Centers, because it's an
awfuliv »ompllcated business and obody has been vight 1007 of the
time, 8o, we've another check and we do this.”
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One of the oiher Apollo Program people mentioned that this velation~

ship develeoped over the course of the program,

"Tn other words, doll* . initially were you asked for and you

got them, and now we're not in that vosition, 8o I think the
economics of the gituation have put the reins of control, and lei's
face it, money is a2 mavvelous contvolling item, inio the hands of

the pecple that need it. So in this case you could say our siimmed
down budgei's probably done us some good, helped us out in this

area. We didn't have that initially. That goes back Lo the autonom-
ous operation, when the Centers came in asked for so much money,

and if T way put it crudely, they wexe rubber-stamped and con their
way."

The following comments of one of the Apolio Program 0ffice personmel

indicate that the process decisions were not made at Headquariers,

per
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raon on the decision on trade-~offs betwoon to
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"We don't have up heve, of course, a large eugineering staff which
does a loi of Lecalfed epgineering, It's a broad management mon~

toring kind of staff which really in a nutshell, its sole purpose
is to keep the Apollo Program Divecior informed of these kinds of
problems that ave either potential or veal, or if the problem is
being worked, to keep ithew alert, £o keep them abresst of the
status of it and if it gets out of hand, recommend what to do to
get it back in hand,”

This

PN

s corroborated by the coumments of another Apollo Program Office

Py

ewents and cost limigations., “Wormally, we don’t wmake the tvade-ofis

as much as foreing the Center to make them so that when they bring their

recommendation forwawd they plot out what they've doing.”

He went on to distinguish his responsibility rather clearly from

that of the project management group.

My responsibility is overseeing the project and making sure that
its activities ave consistent with the program, ¥e do net do the
detailed engineering nor are we responsible for the implementation
of this with the contwactors, We are, however, responsible to the
program dilvector fovr the caryying ocut of the implementation pur-
swani with the rvequirvements of the program.”



Summary

In this section, the propositions of the model on the relationships
between working units and the adwinistrvative system were applied to the
project management groups ai MSTFC and MSC., Ia addition, the views of
personnel in the administrative system were examined to shed further
light on the question. The inkerview data furnished considerable suppor:
for the propositlons, particularly those concerned with the division of
planning responsibilicies and the control relationships. Though the
propositions on rewards and boundary negotiations were mnot adequately
tested, there were indications that these also fit the exsperience of the

project management groups.



